Patients with ductal carcinoma in situ with microinvasion (DCISM) have worse cancer-specific survival, disease-free survival and overall survival, and a higher mortality rate compared with patients with ductal carcinoma in situ (DCIS). Distinguishing DCISM from DCIS via preoperative imaging could help to predict the prognosis of patients. The present study compared the sonographic and mammographic features of patients with DCIS and DCISM. A total of 147 women (94 patients with DCIS and 53 patients with DCISM) were retrospectively included. The sonographic lesions were classified as either masses or non-mass abnormalities. The lesions observed on mammography were classified as calcifications only, mass, asymmetry or architectural distortion. Statistical comparisons were performed using the Mann-Whitney U test, χ 2 test, Fisher's exact test and multiple logistic regression analysis. Univariate and multivariate analyses showed that the presence of calcifications (P=0.038) and vascularity (P=0.025) on sonography were associated with DCISM. Furthermore, a lager distribution of calcifications was associated with a higher likelihood of DCISM (P= 0.002). In conclusion, the presence of calcifications and vascularity on sonography or a lager distribution of calcifications on mammography may suggest DCISM.
Introduction
Breast ductal carcinoma in situ (DCIS) is characterized by a proliferation of malignant epithelial cells confined to the mammary ducts without light-microscopic evidence of invasion through the basement membrane into the surrounding stroma (1) . According to the criteria of the American Joint Committee on Cancer (AJCC), DCIS with a microscopic focus of invasion ≤1 mm in the longest diameter is defined as ductal carcinoma in situ with microinvasion (DCISM) (2) . The proportion of DCIS and DCISM cases detected by screening has markedly increased (3) . Recent studies have revealed that DCISM, with its potential for invasion and metastasis, might represent a distinct entity differing from DCIS (4) (5) (6) . Patients with DCISM had worse cancer-specific survival, disease free survival, and overall survival and a higher mortality rate than patients with DCIS (3, 7, 8) . Distinguishing DCISM from DCIS via preoperative imaging would help to predict the prognosis of patients. Yao et al (6) , indicated that DCISM was more likely to have calcifications in the mass and a high degree of vascularization on sonography. However, the study by Yao et al (6) included only DCIS cases that appeared as masses on sonography, and DCIS cases that were non-mass lesions or negative on sonography were excluded. No study has compared the mammographic features of DCIS and DCISM. Therefore, the purpose of our study was to compare the sonographic and mammographic features between patients with DCISM and DCIS.
Patients and methods
Patients. The Sun Yat-sen Memorial Hospital Ethics Committee approved this retrospective study. The pathologic database of our hospital was searched to identify patients with a pathologic diagnosis of DCIS and DCISM on surgical specimens diagnosed between December 2012 and September 2015. We excluded patients who received neoadjuvant chemotherapy before surgery or who underwent excisional biopsy outside of our hospital. Therefore, 94 DCIS cases and 53 DCISM cases were included. The clinical features, sonographic and mammographic images and pathology records were reviewed. Sonography and mammography. Sonographic examinations were performed by one of seven dedicated breast radiologists who specialized in breast ultrasound using an ACUSON S2000 system (Siemens, Germany). The sonographic findings were classified as masses, non-mass abnormalities or no abnormality. A non-mass abnormality was defined as: i) layered duct-like structures without a distinct mass with a zebra pattern or with small nodules less than 3 mm in diameter and ii) ductal dilation (9) . When a mass was present, the sonographic findings (shape, orientation, margin, echo pattern and posterior features) were described according to the American College of Radiology Breast Imaging Reporting and Data System (BI-RADS) lexicon (10) . Whether calcifications and vascularity were present in a mass or non-mass were also analyzed. Bilateral digital mammograms with two standard imaging planes (mediolateral oblique and craniocaudal) were obtained using a digital mammographic unit (Planmed Nuance, Planmed, Helsinki, Finland) in our institution. Because 23 patients in the DCIS group and 14 patients in the DCISM group had mammograms from other hospitals, they did not undergo mammography in our hospital. Therefore, 71 DCIS patients and 39 DCISM patients were included. Mammograms were reviewed for breast composition and lesion characteristics according to the BI-RADS lexicon (10) . Based on visual evaluation, the breast composition was classified into the following four categories: i) almost entirely fatty breasts; ii) t scattered areas of fibroglandular density; iii) t heterogeneously dense breasts, and iv) extremely dense breasts. All lesions were classified as either calcifications only, a mass, asymmetry or architectural distortion. The morphology of calcification is divided into three categories: Amorphous, coarse heterogeneous and fine pleomorphic. The distribution of calcification is also divided into three categories: Grouped, regional and segmental.
Imaging features that distinguish pure ductal carcinoma in situ (DCIS) from DCIS with microinvasion
Ultrasonograms and mammograms were reviewed retrospectively by two breast imaging radiologists who were blinded to the pathologic information but not blinded to the clinical information. When the descriptor differed between the two radiologists, a consensus was reached by discussion.
Histological analysis. All pathologic reports were reviewed. A diagnosis of DCISM was rendered when a microscopic focus of invasion ≤1 mm in the longest diameter within an area of DCIS was present (2) . The histopathologic features included the nuclear grade and the presence or absence of comedo-type necrosis. Biological markers including estrogen receptor (ER), progesterone receptor (PR), and human epidermal growth factor receptor 2 (HER2) and the Ki-67 index were examined by immunohistochemical analysis as a routine pathologic assessment in our hospital. ER and PR positivity were defined as nuclear staining in 1% or more of tumor cells. HER2 status was graded as 0, 1+, 2+, and 3+ by immunohistochemistry.
HER2 0 and 1+ were considered negative, whereas HER2 3+ was considered positive. Ki-67 expression was quantified using a visual grading system. An estimated percentage of Ki-67 positive cells was determined, and the cutoff for positivity was established at 20% (11) .
Statistical analysis.
A Mann-Whitney U test was used to compare the age and maximum diameter of patients with DCISM to those of patients with DCIS. The χ 2 test and Fisher's exact test were used to compare sonographic and mammographic characteristics, clinicopathologic findings and biomarkers and between the two groups of patients. Multivariate logistic regression analysis was used to calculate the odds ratio (OR) and 95% confidence intervals (CI) in the analysis of sonographic findings that were significant in the univariate analysis. P<0.05 was considered to indicate a statistically significant difference. Data analysis was performed using SPSS v. 19 .0 statistical software (IBM Corp.).
Results
Clinical and pathologic features. The clinical and pathologic characteristics are summarized in Table Ӏ . In addition to the presence of a mass, nipple discharge was more common in patients with DCISM. However, patient age, menopausal status, and family and personal history of breast cancer were not significantly different between the two disease entities (all P>0.05). Patients with DCISM were more likely to have larger and higher grade tumors with comedo-type necrosis, ER negativity, PR negativity, HER2 positivity, and a higher Ki-67 index than patients with DCIS (all P<0.05).
Sonographic features.
No abnormal signs were found in 11 patients from the DCIS group. Thus, 83 mass or non-mass abnormalities were included in the DCIS group. Univariate analysis of sonographic features indicated that non circumscribed margins, the presence of vascularity and calcification ( Fig. 1 ) were significantly more common in DCISM cases (Table II) . Multivariate analysis showed that the presence of vascularity and calcification were independent variables associated with DCISM (Table III) .
Mammographic features.
No abnormal signs on mammography were found in 21 patients in the DCIS group and 3 patients in the DCISM group. Among 24 cases, the classification of the breast composition was as follows: 7 cases were extremely dense, 16 cases were heterogeneously dense, and 1 case displayed scattered areas of fibroglandular density. Therefore, 50 abnormalities in the DCIS group and 36 abnormalities in the DCISM group were included. Larger distribution of calcifications was associated with DCISM (Table Ⅳ; Figs. 2 and 3 ).
Discussion
A palpable mass was the main symptom of DCIS and DCISM lesions (5, 12) . In addition, nipple discharge was commonly encountered in DCISM. Factors including age, menopausal status, and family and personal history of breast cancer were not found to be associated with the presence of microinvasion, which was consistent with a study by Ozkan-Gurdal et al (13) .
Pathologically, DCISM tended to be larger and have a higher nuclear grade, comedo-type necrosis, ER negativity, PR negativity, HER2 positivity and a higher Ki-67 index than DCIS, which was similar to the results of previous studies (6, (12) (13) (14) .
Only one study performed a detailed comparison of the sonographic features of DCIS and DCISM (6) . However, Yao et al (6) investigated only lesions observed as masses on sonography. Previous studies have shown that the sonographic findings of DCIS could include a mass, a non-mass or no abnormal findings and approximately 49 to 60% of DCIS cases appear as non-mass abnormalities on sonography (15, 16) . According to previous studies, we classified the sonographic findings of DCIS and DCISM as masses, non-mass lesions or no abnormality. The proportion of non-mass lesions was greater in the DCISM group than in the DCIS group (52.8% vs. 43.4%), but the difference was not significant. Yao et al (6) , reported that DCISM was more likely to have calcifications and a high degree of vascularization than DCIS. In our study, univariate and multivariate analyses also showed that the presence of calcifications and vascularity were variables associated with DCISM. Calcifications are associated with a high nuclear grade and necrosis (6, 17, 18) . The pathogenesis of DCISM may be related to the rapid growth and active metabolism of tumors, in which oxygen and nutrition are insufficient, leading to the development of local ischemic necrosis and calcium salt deposition, which is detected as calcifications (6) . Although sonography is less sensitive than mammography for the identification of calcifications (18) , the ability to visualize calcifications on sonography has been described (16, 19) . In a study using mammography as the gold standard, Yang (19) reported that ultrasound achieved a sensitivity of 95%, a specificity of 87.8% and an accuracy of 91% for the detection of calcification. Other studies have reported that calcifications of DCIS were demonstrated on sonography in 54.1 to 74% of DCIS lesions (15, 17) . In our study, no sonographic abnormalities were found in 11 patients in the DCIS group. However, calcifications were found on mammography. Identifying isolated calcifications within normal breast tissue, that consists of increased hyperechoic and heterogeneous fibrous tissue, is thought to be more difficult using sonography. This is primarily due to the lack of contrast between the normal parenchyma with hyperechoic heterogeneous fibrous structures and calcifications (20) . Angiogenesis is the formation of new capillaries from the existing vascular network and is essential for tumor growth and dissemination (21) . Cao et al (22) , established that the comedo-type and high nuclear grade DCIS, which has a high potential for invasive transformation, are significantly associated with high microvessel counts. In our study, a significant correlation was observed between high grade tumors, comedo-type necrosis and DCISM. Thus, the presence of vascularity on sonography is associated with DCISM. Mammography is widely accepted as the most important imaging method for the detection of DCIS. DCIS manifests as calcifications in 62-98% of cases (23) (24) (25) . In our study, calcifications were found more commonly in DCIS than in DCISM (74% vs. 63.9%), but the difference was not significant. The distribution of calcifications was mainly regional and segmental in DCISM cases and mainly grouped and regional in DCIS cases, resulting in a statistically significant difference between the two groups (P<0.05). Similar results regarding the association between a higher cluster area of the calcifications and an increased likelihood of invasion were reported by Lagios et al (25) . Regarding the 24 lesions that were not visible on mammography, 10 lesions manifested as masses and 14 manifested as non-mass abnormalities on sonography. Dense breasts composed 95.8% (23/24) of the cases. Mammographic sensitivity is significantly inversely related to breast density and decreases from 100% in fatty breasts to 45-48% in extremely dense breasts (26, 27) . Our findings suggested that sonography may be more effective than mammography for the detection of DCIS in patients with dense breasts or lesions without calcification.
There are a few limitations in the present study. First, it was a retrospective study. Additionally, several patients who had mammograms performed at other hospitals did not undergo mammography in our hospital. Therefore, we did not match the mammography and sonography results for lesions. Second, we did not consider the distribution and degree of vascularization, and three color Doppler indices (peak systolic velocity, pulsatility index, and resistive index), elastography on sonography and circulating tumor cell were not used for comparisons (6) . The reasons were as follows (1), Because of the small sample size, it was difficult to classify the distribution and degree of vascularization (2) . Color Doppler indices, elastography on sonography and circulating tumor cell were not routinely used during the study period. Third, other methods of diagnostics, for example a thermography device, are not available at our institute.
In summary, imaging features including the presence of calcifications and vascularity on sonography and a larger area of calcifications on mammography were associated with DCISM. Even so, pathological analysis is still the gold standard. Additional larger prospective studies are needed for further research.
